. After administration of triiodothyronine (T3) for less than 1 week these changes are not observed (3, 5), although there is evidence of increased lactate production in leg muscle (6, 7). One explanation for increased lactate production without adverse effects on muscle function may be that cytosolic pH is preserved following injection of T3 due to, for example, an increase in proton efflux from the cell.
Hyperthyroidism in man is associated with muscle weakness, altered muscle fibre type composition (1) and mitochondrial dysfunction (2) . In the rat these abnormalities are seen with prolonged administration of thyroid hormones (3, 4) . After administration of triiodothyronine (T3) for less than 1 week these changes are not observed (3, 5) , although there is evidence of increased lactate production in leg muscle (6, 7) . One explanation for increased lactate production without adverse effects on muscle function may be that cytosolic pH is preserved following injection of T3 due to, for example, an increase in proton efflux from the cell.
Other membrane transport mechanisms, such as glucose uptake (8, 9) , sarcoplasmic Ca +-ATPase (10) and the Na+,K+-ATPase (11, 12) are increased by thyroid hormones. Using magnetic resonance spectroscopy (31P-MRS) we have previously observed that the fall in pH in rat leg muscle during exercise induced by 5-Hz sciatic nerve stimulation was sub¬ normal after 3 or 5 days of treatment with T3, despite increased lactate production (6) . As proton efflux is pH dependent and the activity of the sodium-proton antiporter is also pH dependent (13) and responsible for a substantial fraction of proton efflux during exercise and recovery (14) , the obvious interpretation of these results is that T3 induced an increase in the rate of proton efflux during exercise, possibly due to an increase in the activity of the sodium-proton antiporter (6) . Thus one would predict that proton efflux rates should be greater, at a given pH, in T3-treated animals than in controls.
A more detailed picture of effective proton efflux can be obtained by studying the recovery from exercise, in which the complicating effects of lactic acid production are absent (15) . The recovery rate of pH reflects the activity of proton efflux; more than this, the recovery kinetics of pH and phosphocreatine (PCr) concentration can be used to quantitate the absolute rate of proton efflux (14, 16) . If stimulation conditions are chosen to give a substantial acidification during exercise, then detailed information about the pH dependence of proton efflux can be obtained (14, 16) . Using 31P-MRS we studied muscle proton efflux in rats after 5 Defined as the pH change below basal at which the proton efflux rate falls to half its value at the start of recovery (see Fig. IB (14) . At the start of recovery, up to one-third of this effective proton efflux might be due to efflux of lactate with protons or undissociated lactic acid (14) . In the spontaneously hypertensive rat, both the rate of pH recovery and the calculated rate of proton efflux during recovery were increased (16), consistent with evidence in vitro that the activity of the sodiumproton antiporter is increased (13) . The present data confirm the prediction that proton efflux rates should be greater, at a given pH, in T3-treated animals than in controls. The highest rates shown in Fig. IB are approximately the same as rates of proton efflux measured directly during exercise in the isolated perfused rat hindlimb (20) . This might suggest that proton efflux is maximal at the start of recovery in both groups; if this is so, then the maximum rate is unchanged by the treatment and so the shape of the relationship with pH implies a change in the affinity for protons, as shown by the increase in the apparent Km (Table 1) . We have not studied the time course of this effect, although changes during exercise are well established by 3 days (6) .
In previous experiments using sciatic nerve stimu¬ lation at 5 Hz, data were obtained from muscle of T3-injected rats during 10 min of nerve stimulation (6) . In these experiments, muscle cell pH began to return towards basal after about 2 min despite continued stimulation and maintenance of twitch tension (6) . This intra-exercise pH recovery, which also normally occurs during 10 (14) . The obvious interpretation of the altered pH dependence of proton efflux (Fig. IB) (19) (the effect on the affinity for protons is not known). In any case, this T3-induced alteration in the activity of proton efflux might be involved in some of the metabolic abnormalities demonstrable in hyperthyroidism.
